We examine the possible unparticle effects on R(D ( * ) ) associated with B → D ( * ) τ ν decays by minimum-χ 2 fitting. Recent measurements from Belle and LHCb are included in this analysis.
. In a recent analysis we showed that with an anomalous τ couplings, any types of 2HDM is as good as another to fit the R(D ( * ) ) data [11] .
In this work we examine the unparticle effects on R(D ( * ) ). Unparticles are hypothetical things which behave like a fractional number of particles [12] . In this scenario, a scaleinvariant hidden sector at high energy couples to the SM particles weakly at some high scale Λ U . The low-energy effective description of the scale-invariant sector is the unparticles. Unparticle effects on B physics have been studied in many ways [13] [14] [15] [16] [17] [18] [19] . As will be shown later, unparticles contribute quite differently from other NP particles. We check the compatibility of the unparticle scenario by global χ 2 fitting to R(D ( * ) ).
The relevant Lagrangian involving scalar unparticles O U coupled to the left-handed currents is given by
where c, are dimensionless couplings, and d U is the scaling dimension of O U . By the unitarity constraints, d U ≥ 1 [20] . The effective Hamiltonian for q → q is then
where
and
As discussed in [21] , operators
with
satisfactory explanations for the experimental data [21] . We expect the scalar unparticles can do the job and check the possibility.
In this analysis we do not consider the vector unparticles. Vector unparticles contribute
where d V is the scaling dimension of the vector unparticle operator O µ U . The unitarity constraint requires that d V ≥ 3 [20] . Typically the contribution amounts to ∼ (m
while that of scalar unparticles is ∼ (m
One can expect that effects of vector unparticles are very suppressed compared to those of scalar ones due to the unitarity constraints [17] .
The decay rates of B → D ( * ) ν mediated by O U are given by
is the unparticle factor and
is the momentum of D in the B rest frame. The form factors F 0 and F 1 are given by
The form factors are given by
BABAR 0.440 ± 0.058 ± 0.042 0.332 ± 0.024 ± 0.018 [1] Belle(2015) 0.375 ± 0.064 ± 0.026 0.293 ± 0.038 ± 0.015 [3] Belle(2016) − 0.302 ± 0.030 ± 0.011 [4] Belle(1703) − 0.276 ± 0.034
−0.026 [5] Belle(1709) − 0.270 ± 0.035
−0.025 [6] LHCb(1506) − 0.336 ± 0.027 ± 0.030 [7] LHCb(1711) − 0.286 ± 0.019 ± 0.025 ± 0.021 [8] TABLE I. Experimental data for R(D ( * ) ). The uncertainties are ±(statistical)±(systematic). For the third uncertainty of LHCb(1711), see [8] for details.
Here [22] ρ 2 D * = 1.207 ± 0.028 , R 0 (1) = 1.14 ± 0.07 ,
The experimental data for our fits are given in Table I . The R(D * ) values from the Belle get slightly closer to the SM predictions. As can be seen in Eqs. (11), (12), (22) , (23) , the unparticle couplings appear only in the form of c cb c ν . In our analysis c cb c ν , d U , and Λ U are fitting parameters to minimize χ 2 , which is defined by
where the x i 's are model predictions and the (µ i ±δµ i )'s are experimental data. New physics effects in R(D ( * ) ) could affect the B c → τ ν decay [23, 24] . Scalar unparticles contribute to the branching ratio of B c → τ ν as
where Here τ Bc and f Bc are the lifetime and the decay constant of B c , respectively. Figure 1 shows the allowed region in the c cb c ν -d U plane at the 1σ (red) and the 2σ (blue) levels. Note that the unparticle contribution comes as
Here
, thus suppression of (s/Λ U 2 ) gets stronger as d U gets larger. Thus for small values of |c cb c ν |, large d U is not allowed because in this case the unparticle contribution becomes very small. In Fig. 2 c cb c ν and Λ U are shown at the 1σ (red) and 2σ (blue) levels. Usually new physics (NP) effects appear as In conclusion, we have investigated the unparticle contributions to R(D ( * ) ). We only considered scalar unparticles because contributions from vector unparticles are expected to be very small. We fit the data by minimizing χ 2 and found that χ decay, and Br(B c → τ ν) could provide a strong constraint for NP. We found that scalar unparticles can render the branching ratio less than 10% (Fig. 4 (b) ). More data for R(D ( * ) ) and Br(B c → τ ν) would check the plausibility of the unparticle scenario.
